The present work illustrates a predictive method, based on graph theory, for different types of energy of subatomic particles, atoms and molecules, to be specific, the mass defect of the first thirteen elements of the periodic table, the rotational and vibrational energies of simple molecules (such as 2 H + , H 2 , FH and CO) as well as the electronic energy of both atoms and molecules (conjugated alkenes). It is shown that such a diverse group of energies can be expressed as a function of few simple graph-theoretical descriptors, resulting from assigning graphs to every wave function. Since these descriptors are closely related to the topology of the graph, it makes sense to wonder about the meaning of such relation between energy and topology and suggests points of view helping to formulate novel hypotheses about this relation.
In all cases, the formalism proposed predicts accurately all these different energies, even improving the predictions made with the typical quantum approaches for such cases.
Altogether, these new results arise some interesting questions about the relation energy-topology.
Assigning Graphs to Different Physical Systems. The Theoretical Framework
In a previous paper, the author together with other colleagues proposed new ways to assign wave functions to graphs [2] , which is exactly the reverse process proposed now.
The relation between wave functions and graphs is implicit in Heisenberg's matricial formulation of quantum mechanics [3] , because for every matrix a graph of connections between its entries can be assigned. Moreover, Harary had studied the application of graphs to theoretical physics and chemistry [4] . More recently, the equivalence between wave functions and graphs has also been demonstrated [5] .
It's not difficult to see that the transformation of wave functions into graphs has a double advantage: On the one hand, unlike most predictive models, it yields with pure mathematical and simple descriptors and not physical ones. On the other hand, the same model, namely the classical model of the stationary waves, can be used to predict very different types of energies (rotational, vibrational and electronic) at different levels (subatomic particles, atoms and molecules). Furthermore, it is well known that this classical pattern of interferences show the same shape as that of the quantum models, such as particle-in-a-box, rigid rotor, harmonic oscillator, free-electrons and Hückel. All are applicable to particles, atoms and molecules. Table 1 depicts, as an example, the equations of the wave functions and the associated energies for the particle in a box, the rigid rotor and the harmonic oscillator.
Although the equations complexity increases along with the model complexity (from the particle in a box to the harmonic oscillator), the topology of the wave functions, and hence of the graphs associated, remains unaltered. This is the key basis for this work because one unique type of graphs accounts for any of the wave functions associated to every of the physical models mentioned above.
Hence, it were assigned graphs to each level starting with a simple graph without any loop (level N = 0), and continuing by graphs containing N loops, where N is the number of the corresponding level. Table 2 shows the graph allocation for the 5 first levels of energy.
Once allocated the graphs, the formalism will be applied to the prediction of the following energies: 1) Mass defect. Applied onto the less massive nuclides of the first 13 elements of the periodic table (from hydrogen to aluminium).
2) Rotational energy. 4) Electronic energy. The 1s-binding energy (ionization potential) of the first 13 elements of the periodic table (from hydrogen to aluminium). Additionally, it will be also predicted the HOMO-LUMO gap of conjugated alkenes.
In the predictions of atomic properties (mass defect and binding energy) it will be considered the atomic number as the topological level of each graph.
Thus hydrogen would be N = 1, helium N = 2, and so forth.
Material and Methods
The topological indices were calculated using Dragon software [6] and the regression equations were obtained using BMDP software [7] .
Results and Discussion

Mass Defect
Mass defect is defined as the mass loss produced when nuclei are formed from their constitutive particles (protons and neutrons) [8] . Table 3 shows the values of the mass defects for the less massive nuclides of the first 13 elements of the periodic system. In annexed columns, the graph assigned to each nuclide, together with the values of atomic number (Z), number of neutrons (Nn) and mass defects observed (experimental) and calculated through Equations (1) and (2) .
It is interesting to note that the regression with both, the atomic and the mass numbers, yielded worse fittings than SCBO (R 2 = 0.9953, 0.9966 and 0.9967, respectively). Moreover, Equation (2) approaches the null value of hydrogen much better than Equation (3) (1.65 vs. 10.50), whereas the notable discrepancy for Be 
Rotacional Energy
In this section the frequencies of transitions between rotational levels for three molecules, namely H 2 , FH and CO, will be predicted.
The rotational frequencies for diatomic molecules are given by the quantum rigid and elastic rotors [10] , according to the equations: Following is Table 4 , where is shown the comparison between the experimental and the predicted values, using Equations (3), (5), (6) and square PCR (equation not shown).
From results in Table 4 , it can be appreciated that Equations (3) and (5) (rigid rotor and N) predict better the lower values, whereas Equation (6) (PCR) predicts much better the values from N = 3 on up. (4), (6), (7) (5) Calculated from Equation (6) Calculated from Equation (3) 
Molecule of Hydrogen Fluoride (HF)
The corresponding equations for N and PCR, were: 
Molecule of Carbon Monoxide (CO)
The corresponding equations were: Calculated from Equation (7) Calculated from Equation (8) 41 In this case, the regression with N is by far the best and practically coincides with that calculated using the rigid rotor equation. Table 7 summarizes the results for all the three molecules.
Altogether it may be concluded that the excellent adjustment found for a single variable (N), does not mean that experimental results are adjustable to the rigid rotor, since in that case, as deduced from Equation (3), the slope and intercept should take the same value. This is far to be true for H 2 and HF, what is consistent with expressed in the literature [11] . On the contrary, CO fits pretty well the rigid rotor, what was to be expected considering that the centrifugal distortion must decrease as the molecular mass increases and hence that CO is less deformable than FH and H 2 .
The consequence is that the formalism proposed here, according to which the quantum level is equivalent to the graph's number of loops, remains consistent. 
Vibrational Energy
The energies for the different vibrational levels of diatomic molecules are given by [12] :
( ) (13) where ν e is the (classical) fundamental vibrational frequency, X e is the anharmonicity constant and h is the Planck constant.
Next are the results for the three molecules tested, namely 2 H + , H 2 and CO.
Hydrogen Molecule-Ion (
The hydrogen molecule-ion is an ideal molecule to study since it is the most Open Journal of Physical Chemistry simple molecule possible and it has one single electron, so that the possible influence of interelectronic repulsion is overcome.
The correlation with N is quite good as shown in Equation (14) Note that, as mentioned above, the first value for N is here N = 1 to take into account the existence of a residual vibratory energy.
Although there is a good correlation with N, a look at Figure 1 illustrates that the dependence is not linear but quadratic. In principle, this is consistent if there is a following of the model of anharmonic oscillator (Equation (14)). But see that in Equation (14) the intercept should be zero, what doesn't occur. Actually, the ratio between the ordinate and the slope (23/149) is too large to be consistent with Equation (14) . Of course, this difference could be explained considering other effects, such as the influence of rotational over vibrational energies, but, once more, this discrepancy provide value to the graph-theoretical formalism proposed by the author.
Anyway, the adjustment with PCR is much better than the linear N: (14) and (15) are also included for comparison.
Hydrogen Molecule (H2)
In this case the aim is analysing the vibrational energy for the different levels
The correlation with N is quite good as seen in Equation (16) 
Similarly to 2 H
+ , the dependence with N is clearly quadratic, so that R 2 is (16) and (17). Table 9 shows the experimental values of the vibration frequencies for the hydrogen molecule in its fundamental electronic state, together with the values calculated from Equations (16) and (17).
From these results, it is to note that H 2 , just like 2 H + , does not fit well neither the harmonic oscillator nor the anharmonic oscillator. Therefore, the same arguments exposed for 2 H + can be repeated for H 2 . Anyway, the dependence with PCR is clearly linear and better than the ones of conventional models if equations having the same number of variables are compared. It is also to be noted that other topological indices (such as ESpm02r) led to better results but PCR was left for comparative purposes.
Molecule of Carbon Monoxide (CO)
The correlation with N is quite good as illustrated in Equation (18) ) is practically perfect. Table 10 shows the comparison between the experimental values and those calculated from Equations (20) and (21).
From these overall results of vibrational frequencies, it can be concluded that the graph-theoretical model (PCR) is better for small molecules, such as 2 H + and H 2 whereas the conventional approaches are better for larger molecules, such as CO.
That conclusion is evident just watching Table 11 , where it is summarized all the results. Table 11 summarizes the results for the three molecules. 
Electronic Energy
In this section, different sorts of electronic energies for atoms and molecules will be analysed.
Electronic Binding Energy of Atoms
Electronic binding energy in atoms also usually referred to as ionization potential [13] is defined as the energy necessary to remove the electron from the atom.
In this case we'll correlate the binding energies for the 1s-electrons of the thirteen first elements of the periodic system.
The regresión equation with quadratic N was almost perfect:
( ) Table 12 shows the values of EBEs for the 13 first elements of the periodic table, along with the values calculated from Equation (20).
Given the nature of the correlated property, it is clear that N might be identified as Z (atomic number), and since the ionization potential for electrons of a given electronic level, n, is [14] . Figure 2 ).
Electronic Energies in Molecules: Homo-Lumo Gap (HLG) of Conjugated Alkenes
In this paragraph the resonance energies of conjugated alkenes will be predicted. Two different formalisms are followed: In the first the type G graphs (Table 3) will be used to characterize the energy levels, while in the second, the conven- For instance, the graph allocated to ethylene is (M1):
, and for butadiene (M2): , etc.
1) Formalism using graphs type G:
The best correlation was for:
( ) Table 13 shows the comparison between the observed and the calculated (Equation (22)) Values of HLG.
Although not shown here, it is important to note that this model (Equation Table 14 shows the experimental and the calculated values for HLG.
Noteworthy from the outcomes that the graph theoretical approach proposed by the author, either using graphs type G or type M, improves the predictions of HLG done using conventional quantum methods, particularly the free-electrons and Hückel. Table 15 illustrates, as a summary, the assignment of graphs and the values of the molecular graph-theoretical descriptors included in the equations of this work. The aim is ease the reader the reproduction of the results outlined throughout the work. Open Journal of Physical Chemistry 
Conclusions
The assignment of graphs to the energy levels of different systems (from elementary particles up to molecules) allows an excellent prediction of parameters such as masses of elementary particles, mass defects of stable nuclei, electronic energies of atoms and rotational, vibrational and electronic energies of molecules.
In particular, the wave functions associated with quantum-mechanical models, like particle in a box, rigid rotor or harmonic oscillator, are assimilated to simple graphs whose topology (number of nodes) coincides with that of the standing waves, as for instance those that appear on the strings of musical in-Open Journal of Physical Chemistry struments. This assimilation is justified by the Heisenberg's matricial formulation, by virtue of which every quantum object (for example the wave functions)
can be associated with a matrix and this, in turn, with a graph. For almost all cases, the formalism proposed improves the predictions of the conventional quantum-mechanical models (particle in a box, rigid rotor, harmonic oscillator, model of free electrons and Hückel), through the use of simple topological indices.
Moreover, in those cases where a very good correlation is found simply thanks to the number of nodes in the graph (N), it is demonstrated that the solution is not trivial, since it does not coincide with what expected from the aforementioned conventional quantum models.
Since such a diverse type of energy can be expressed as a function of simple topological indices which, given their mathematical nature, are not dependent on energy, formalisms such as the one proposed here, may open suggestive pathways of discussion about the relations between energy and topology.
